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[Title of the Invention] Image forming apparatus 
[Summary] 

[Object] To provide an image forming apparatus which prevents a decrease in 
the efficiency of toner replenishment by preventing air or toner leakage 
from the connection portion between a toner replenishing container and a 
replenishing toner sucking and supplying device, and which, for example, 
prevents toner from contaminating the surroundings due to toner leakage. 
[Constitution] A valve member 43 is provided to a toner replenishing 
container 11 that accommodates a replenishing toner T to be fed into a 
toner hopper portion 6 of the developing device 1. The valve member 43 
serves to bring the interior of the toner replenishing container 11 and the 
interior of a replenishing toner sucking and supplying device 12 into 
communication with each other when the toner replenishing container 11 is 
connected to the extending end portion of a pipe portion 22 of the 
replenishing toner sucking and supplying device 12. 
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[Scope of Claims] 

[Claim 1] An image forming apparatus comprising: a developing device for 
visualizing an electrostatic latent image with toner; a toner replenishing 
container accommodating replenishing toner that is to be supplied to the 
developing device; and a replenishing toner sucking and supplying device 
connected to each of the toner replenishing container and the developing 
device so as to allow communication therewith, for generating a suction air 
flow such that the replenishing toner in the toner replenishing container 
is forcibly sucked in to flow toward the developing device, characterized 
in that a pipe portion for establishing connection between a main body of 
the replenishing toner sucking and supplying device and the toner 
replenishing container extends from the main body, and that a valve member 
is provided to the toner replenishing container, the valve member being 
adapted to hermetically seal an interior of the toner replenishing 
container when the toner replenishing container is not connected to the 
pipe portion and to bring an interior of the pipe portion and the. interior 
of the toner replenishing container into communication with each other when 
the toner replenishing container is connected to the pipe portion. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates to an image 
forming apparatus equipped with a developing device for visualizing an 
electrostatic latent image with toner. 
[0002] 

[Prior Art] In developing devices that visualize an electrostatic latent 
image with toner and are constructed so as to allow toner replenishment, a 
toner replenishing container is typically used to replenish the developing 
device with replenishing toner from the container. Various types of toner 
replenishing containers are used. For example, with those having a seal or 
the like attached to the toner extraction opening, at the time of 
replenishing toner, a cumbersome operation of peeling off the seal is 
required, or the toner may scatter to the surroundings or the finger may 
become stained with toner. 

[0003] In view of this, the present applicant has previously proposed a 
technique according to which a replenishing toner sucking and supplying 
device is intervened between the developing device and the toner 
replenishing container, thereby automatically feeding the toner in the 
toner replenishing container into the developing device (Japanese Patent 
Application No. 4-351368). 

[0004] In the above image forming apparatus, a pipe portion, which effects 
connection between a main body of the replenishing toner sucking and 
supplying device and the toner replenishing container, extends from the 
main body of the replenishing toner sucking and supplying device; a hole 
provided in the toner replenishing container is fitted onto the pipe 
portion, thereby connecting the toner replenishing container to the 
replenishing toner sucking and supplying device. When the toner 
replenishing container filled with replenishing toner is detached from the 
replenishing toner sucking and supplying device to be used alone, the toner 
in the container comes out of the container if the pipe portion connecting 
hole remains open. To avoid this, a sealing cap as will be described later 
is fitted over the hole. 

[0005] When replenishing toner, such a sealing cap is pierced through the 
extending end portion of the pipe portion; when a suction air flow is 
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generated, air leaks from the piercing portion (the ruptured portion of the 
sealing cap around the pipe portion), which degrades the efficiency of 
toner replenishment. Further, toner is liable to scatter from that 
ruptured portion, and a charging failure or a transfer failure results when 
the scattered toner adheres to a charging wire such as a charging charger 
or a transfer charger. Further, a charge removal failure may result when 
the scattered toner adheres to a charge removal lamp or the like. 
[0006] Further, in the case of the construction where, after toner 
replenishment is complete, waste toner carried from a cleaning device is 
accommodated into the toner replenishing container, when extracting the 
toner replenishing container from the pipe portion, toner in the toner 
replenishing container may blow out from the ruptured portion of the 
sealing cap and contaminate the hand or surroundings. 
[0007] 

[Problem to be solved by the Invention] It is an object of the present 
invention to provide an image forming apparatus which prevents a decrease 
in the efficiency of toner replenishment by preventing air or toner leakage 
from the connection portion between a toner replenishing container and a 
replenishing toner sucking and supplying device, and which, for example, 
prevents toner from contaminating the surroundings due to toner leakage. 
[0008] 

[Means for solving the Problem] In order to attain the above object, the 
present invention proposes a structure including: a developing device for 
visualizing an electrostatic latent image with toner; a toner replenishing 
container accommodating replenishing toner that is to be supplied to the 
developing device; and a replenishing toner sucking and supplying device 
connected to each of the toner replenishing container and the developing 
device so as to allow communication therewith, for generating a suction air 
flow such that the replenishing toner in the toner replenishing container 
is forcibly sucked in to flow toward the developing device, in which a pipe 
portion for establishing connection between a main body of the replenishing 
toner sucking and supplying device and the toner replenishing container 
extends from the main body of the replenishing toner sucking and supplying 
device, and in which a valve member is provided to the toner replenishing 
container, the valve member being adapted to hermet ical ly seal an interior 
of the toner replenishing container when the toner replenishing container 
is not connected to the pipe portion and to bring an interior of the pipe 
portion and the interior of the toner replenishing container into 
communication with each other when the toner replenishing container is 
connected to the pipe portion. 
[0009] 

[Embodiment] Hereinbelow, an embodiment of the present invention will be 
described in detail with reference to the drawings. 

[0010] Fig. 1 illustrates a toner replenishing portion of a developing 
device equipped to an image forming apparatus according to an embodiment of 
the present invention. The image forming apparatus is constructed as, for 
example, an electrophotographic copying machine, a printer, a facsimile, or 
the like. Before describing the toner replenishing portion illustrated in 
Fig. 1, the general construction of the developing device is described 
below with reference to Fig. 2. 

[0011] A developing device 1 is arranged so as to be opposed to a 
photosensitive drum 2 that is an example of an image bearing member. A 
two-component developer in the developing device 1 is supplied to a 
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developing roller 5 while being stirred by a stirring roller 3, a stirring 
paddle 4, and the like that are provided inside a casing 10 of the 
developing device 1. The two-component developer used is a developer 
having toner and carrier. The supplied developer on the developing roller 
5 is used for visualizing an electrostatic latent image formed on the 
photosensi t i ve drum 2. 

[0012] It should be-noted that while the present invention is also 
applicable to developing devices using one-component developer without 
carrier, for the convenience of description, the present invention as 
applied to a developing device using powdered two-component developer is 
described below. 

[0013] As describe above, the developing device 1 visualizes an 
electrostatic image with toner. The developing device 1 equipped to the 
image forming apparatus of the present example has a toner hopper portion 6 
connected to the casing 10; when the amount of toner in the developer 
within the casing 10 becomes short, a toner replenishing rqJIer 7 starts to 
rotate, whereby toner T in the toner hopper portion 6 is replenished to the 
casing 10 of the developing device 1. 

[0014] The toner hopper portion 6 retains the toner T to be replenished to 
the casing 10 of the developing device 1. The retained toner T is stirred 
as a toner stirring member 9 rotates. When toner in the toner hopper 
portion 6 is exhausted or its amount becomes short, this is detected by a 
detecting device (not shown), and an indication urging the operator to 
exchange a toner replenishing container that will be described later is 
displayed on an operation panel portion (not shown) of the image forming 
apparatus. 

[0015] It should be noted that Fig. 2 is a sectional view taken along the 
line X-X of Fig. 1. 

[0016] Referring now to Fig. 1, reference numeral 11 denotes a toner 
replenishing container accommodating the replenishing toner T to be 
supplied to the toner hopper portion 6 of the developing device 1. The 
toner replenishing container 11 is often also referred to as a toner bottle 
or a toner cartridge. Reference numeral 12 denotes a replenishing toner 
sucking and supplying device. The device 12 and the toner replenishing 
container 11 are detachably mountable to each other. Fig. 1 shows a state 
where the toner replenishing container 11 is mounted to the replenishing 
toner sucking and supplying device 12. 

[0017] As described above, when toner in the toner hopper portion 6 is 
exhausted or its amount becomes short, an indication urging the exchange of 
the toner replenishing container 11 is displayed. The toner replenishing 
container 11 is extracted in the leftward direction in Fig. 1 by, for 
example, a user who has seen the display. There is of course no toner in 
the toner replenishing container 11 being thus extracted because 
replenishment has been completed prior to this extraction. Then, as shown 
in Fig. 1, a new toner replenishing container 11 accommodating the 
replenishing toner T is inserted in the rightward direction from the 
left-hand side of Fig. 1 for mounting in the position as shown in Fig. 1. 
With the toner replenishing container 11 thus being mounted, the 
replenishing toner sucking and supplying device 12 is made ready for 
act i vat ion. 

[0018] The replenishing toner sucking and supplying device 12 has a main 
body consisting of a casing portion 14 having an inner space, the inside of 
the casing portion 14 being partitioned into an upper chamber 16 and a 
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lower chamber 17 by means of a partition plate 15. A bellows 19 is 
connected between the casing portion 14 and an upper lid 18, allowing the 
upper lid 18 to be freely raised and lowered. Provided integrally with the 
casing potion 14 is a pipe portion 21, which extends toward the toner 
replenishing container 11; with the toner replenishing container 11 being 
mounted as shown in Fig. 1, the extending end portion of the pipe portion 
21 is in alignment with a hole of the toner replenishing container 11. An 
opening 24 is formed in the wall portion of the casing portion 14 to which 
the other end portion of the pipe portion 21 is connected, with a valve 25 
being provided on the pipe portion 21 side. Likewise, an opening 15a is 
formed in the partition plate 15, with a valve 26 being provided to the 
partition plate 15 on the upper chamber 16 side. 

[0019] On the lower portion side of the casing portion 14 and at a portion 
where the lower chamber 17 is located, there is provided a pipe portion 22 
so as to extend parallel to the pipe portion 21. The pipe portion 22 is 
much shorter than the pipe portion 21. Further, provided at the proximal 
end side of the pipe portion 22 is a valve 20 that is located in the lower 
chamber 17. As shown in Fig. 1, with the pipe portion 22 being mounted to 
the toner replenishing container 11, the extending end portion of the pipe 
portion 22 is also in alignment with a hole of the toner replenishing 
container 11 (see Fig. 3). 

[0020] A disc 29 having a built-in pin 28 is directly coupled to a motor 
shaft 27A of a motor 27 for operating the replenishing toner sucking and 
supplying device 12 (Fig. 2). An elongated hole 33a is formed at one end 
portion of an operating lever 33 that is pivotably secured to a stationary 
side plate 31 by means of a shaft 32. The above-described pin 28 is 
slidably fitted into the elongated hole 33a. The other end portion of the 
operating lever 33 is rotatably coupled to the upper lid 18 side. 
[0021] As the motor 27 rotates, the pin 28 making a circular motion 
following this rotation causes the operating lever 33 to rock around the 
shaft 32. The rocking movement of the operating lever 33 raises and lowers 
the upper lid 18, which in turn causes the bellows 19 to expand and 
contract. When the upper lid 18 is lowered and the bellows 19 contracts, 
the valve 25 on the opening 24 side is opened and the valve 26 on the 
partition plate 15 side is closed. At this time, air in the upper chamber 
16 flows into the pipe portion 21. That is, an air flow blows from the 
interior of the upper chamber 16 toward the pipe 21. 

[0022] As the upper lid 18 is lowered, air flows into the lower chamber 17 
from the pipe portion 22 at the same time as the above-described air blow. 
That is, a suction air flow 34 of air flowing from the interior of the pipe 
portion 22 toward the interior of the lower chamber 17 is generated. The 
valve 20 is open at this time. The replenishing toner T in the toner 
replenishing container 11 flows into the lower chamber 17 while being 
carried by the suction air flow 34 thus generated, and drops into a toner 
carrying path 36 of the toner hopper portion 6 through an opening 35. 
[0023] A toner carrying screw member 8 is fitted in the toner carrying path 
36. As the toner carrying screw member 8 is rotated, the toner dropped 
onto the screw member 8 is moved in the axial direction of the screw member 
8 before entering the toner hopper portion 6 through a plurality of 
openings 37. In this case, the toner enters the toner hopper portion 6 in 
an uniform amount over the axial direction of the toner carrying screw 
member 8. , nr 

[0024] When, in contrast, the upper lid 18 is raised, the valves 20 and 25 
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are closed and the valve 26 is opened. When all of the toner T in the 
toner replenishing container 11 has been transferred into the toner hopper 
portion 6, the rotation of the motor 27 is stopped and the raising and 
lowering operation of the upper lid 18 is stopped. 

[0025] As described above, the replenishing toner sucking and supplying 
device 12 is connected to each of the toner replenishing container 11 and 
the developing device (which in this example is the toner hopper portion 6) 

I so as to communicate therewith. The replenishing toner sucking and 
supplying device 12 serves to generate a suction air flow so that the 
replenishing toner in the toner replenishing container 11 is forcibly 
sucked in to flow toward the developing device 1 side. The pipe portions 

21, 22 for establishing connection between the casing portion 14 and the 
toner replenishing container 11 extend from the casing portion 14 
constituting the main body of the replenishing toner sucking and supplying 
device 12. The replenishing toner sucking and supplying device 12 
constructed as described above is provided to the developing device 1. 
[0026] With this construction, toner is automatically replenished from the 
toner replenishing container 11 toward the developing device 1, whereby the 
operation of peeling off a seal or pulling out a shutter or the like can be 
dispensed with, thus enabling a further improvement in the operability of 
this kind of replenishing operation. Further, there is no fear of the 
surroundings or the finger being contaminated with toner. 

[0027] It should be noted that in this example, a pipe portion 23 extends 
from a cleaning device (not shown); with the toner replenishing container 

II being mounted as shown in Fig. 1, the extending end portion of the pipe 
portion 23 is detachably fitted into a hole formed at an end portion of the 
toner replenishing container 11. The cleaning device serves to remove and 
collect toner remaining after the transfer step from the surface of the 
photosensitive drum 2 by abutting a cleaning member such as a cleaning 
blade or a cleaning brush {not shown) against the surface of the 
photosensitive drum 2. That is, the cleaning device removes toner, paper 
dust, and the like remaining on the photosensitive drum 2 after a toner 
image on the photosensitive drum 2 has been transferred to a transferring 
member (not shown). A toner carrying screw member 39 is inserted in the 
pipe portion 23, whereby toner collected by the cleaning device is 
accommodated as waste toner into the toner replenishing container 11 that 
has become empty after the toner replenishment. 

[0028] Now, Fig. 3 is an enlarged sectional view of the portion A of Fig. 
1. 

[0029] In the figure, a valve housing barrel 42 is secured to the toner 
replenishing container 11 so as to be fitted in the container, with a valve 
member 43 being provided at the inner central portion of the valve housing 
barrel 42 so as to be movable in the axial direction of the pipe portion 

22. A seal member 44 made of expanded polyurethane or the like is affixed 
to an end portion of the valve housing barrel 42, and a similar seal member 
45 is affixed to the extending end portion of the pipe portion 22 as well. 
[0030] When the toner replenishing container 11 is not connected to the 
pipe portion 22 and the container 11 is detached from the image forming 
apparatus to be used alone, for example, the extension elasticity of a 
compression spring 46 inserted in a valve shaft 43b of the valve member 43 
brings a disc-like valve portion 43a, which is provided at one end portion 
of the valve member 43, into press contact (intimate contact) with the seal 
member 44, thereby sealing a through-hole 47 provided in the valve housing 
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barrel 42 and hermetically sealing the interior of the toner replenishing 
container 11 to the outside of the container. 

[0031] The toner replenishing container 11 is set in the position shown in 
Fig. 1 while being guided by a pair of guide members 48 as shown in Fig. 2. 
That is, when the toner replenishing container 11 is moved in the direction 
"a" shown in Fig. 3 to bring a flange portion 42a of the valve housing 
barrel 42 into press contact (intimate contact) with the seal member 45, 
the toner replenishing container 11 is set in the position shown in Fig. 1 
and, in this state, retained in the same position by click stop means (not 
shown). It should be noted that the guide plates 48 are attached to a 
stationary unit side plate on the image forming apparatus main body side or 
the I ike. 

[0032] Referring to Fig. 3, as the toner replenishing container 11 is moved 
in the "a" direction, the valve member 43 is moved away from the seal 
member 44 by a valve extruding bar 40 protruding at the central position on 
the extending end portion side of the pipe portion 22. The through-hole 47 
that has been sealed is opened through this operation, whereby the interior 
of the pipe portion 22 and the interior of the toner replenishing container 
11 are communicated with each other through the through-hole 47 and a hole 
49 provided at the extending end portion of the pipe portion 22. As the 
replenishing toner sucking and supplying device 12 is activated as 
described above in this state, the suction air flow 34 (Fig. 1) is 
generated, whereby toner in the toner replenishing container 11 is supplied 
toward the toner hopper portion 6. 

[0033] As described above, when the toner replenishing container 11 is not 
connected to the pipe portion 22, the valve member 43 provided to the toner 
replenishing container 11 hermetically seals the interior of the toner 
replenishing container 11; when the toner replenishing container is 
connected to the pipe portion 22, the valve member 43 is engaged with the 
pipe portion 22, thereby communicating the interior of the pipe portion 22 
and the interior of the toner replenishing container 11 with each other. 
[0034] A connection portion B (Fig. 1) on the extending end portion side of 
the pipe portion 21 on the upper side is of completely the same 
construction as the portion A. 

[0035] Conventionally, an inner cover 51 made of aluminum foil, a case 52, 
a seal member 53 made of expanded polyurethane, an outer cover 54, and the 
like as shown in Fig. 5 are assembled together as shown in Fig. 4, forming 
a sealing cap 50, which is attached to the toner replenishing container 11, 
with the connection between the toner replenishing container 11 and the 
pipe portion 22 (including also the pipe portion 21) being established by 
piercing the sealing cap 50 with the extending end portion of the pipe 
portion. 

[0036] Referring to Fig. 5, cutout portions 53A, 54A are portions through 
which the pipe portion are pierced for insertion; when in the connected 
state, for example, air often leaks from those cutout portions, which is 
liable to cause a reduction in the efficiency of toner replenishment. 
Further, toner scatters from the cutout portions, which is liable to cause 
a charging failure, a transfer failure, or the like. Furthermore, when 
extracting the toner replenishing container from the pipe portion, toner in 
the container blows out and scatters to the outside of the container, with 
the result that the toner contaminates the surroundings, hand, or the like. 
According to this example, such problems are eliminated altogether. 
[0037] It should be noted that when, as in the embodiment shown in Fig. 1, 
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the toner replenishing container 11 mounted at a predetermined position and 
the cleaning device are to be connected with each other by means of the 
pipe portion 23, although not shown, it is desirable to construct the 
connection portion between the pipe portion 23 and the toner replenishing 
container 11 in the same manner as the portion A. This makes it possible 
to reliably prevent the problem of toner blowing out of the toner 
replenishing container 11 at the time when the toner replenishing container 
11 is detached from the image forming apparatus. 

[0038] While it is desirable that, as described above, a valve device 
composed of the valve member 43 and its associated components shown in Fig. 
3 be provided to each of the connection portions between the toner 
replenishing container 11 and the respective pipe portions 21, 22, 23, such 
a valve device may be provided to at least one of those connection 
portions. The cap 50 shown in Figs. 4 and 5 or another such cap is 
provided to each of those connection portions which are not provided with 
the valve device, thereby preventing toner from spilling out of the toner 
replenishing container 11 in the state where the toner replenishing 
container 11 is detached from the image forming apparatus. 
[0039] Further, it is desirable that the diameter of the inner peripheral 
portion of the valve housing barrel 42 shown in Fig. 3 be small enough not 
to allow insertion of the finger, thereby preventing the valve member 43 
from, for example, being erroneously pushed with the finger as the toner 
replenishing container 11 is grasped. 

[0040] Of image forming apparatuses which use a wet type developer and a 
toner bottle 55 filled with the developer as shown in Fig. 6, there are 
known those using a valve 56 that automatically opens upon loading the 
toner bottle. Further, while in the example shown in Fig. 3 the valve 
housing barrel 42 is formed separately from the toner replenishing 
container 11, the valve housing barrel 42 may of course be formed 
integrally with the toner replenishing container 11. 
[0041] 

[Effect of the Invention] According to the image forming apparatus of the 
present invention, leakage of air from the connection portion between the 
toner replenishing container and the replenishing toner sucking and 
supplying device can be prevented, thereby preventing the efficiency of 
toner replenishment from decreasing. Further, scattering of toner from the 
connection portion can be prevented, whereby it is possible to prevent the 
occurrence of a charging failure, a transfer failure, or the like, and to 
prevent contamination of the surroundings with leaked toner, contamination 
of the hand with toner, and the like. 
[Brief Description of the Drawings] 

[Fig. 1] A sectional view showing a toner replenishing portion of a 
developing device equipped to an image forming apparatus according to an 
embodiment of the present invention. 

[Fig. 2] A sectional view taken along the line X-X of Fig. 1. 

[Fig. 3] A detailed sectional view of a connection portion between a toner 

replenishing container and a pipe portion. 

[Fig. 4] A sectional view showing a connection portion sealing cap that is 
convent ional ly used. 

[Fig. 5] An exploded perspective view of the cap. 

[Fig. 6] A sectional view showing an example of a toner bottle containing 
wet type developer. 
[Description of Symbols] 
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I developing device 

II toner replenishing container 

21 pipe portion 

22 Pipe portion 

34 suction air flow 

43 valve member 

T toner 
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